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SPECIFICATION 

TITLE OF THE INVENTION 
METHOD OF SLITTING A BATTERY SEPARATOR-USE RESIN FILM 
OBJECT AND SUCH A BATTERY SEPARATOR-USE RESIN FILM 
OBJECT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a slitting method of a battery 
separator-use resin film object that is less susceptible to defects such as 
holes and tearing at the time of slitting, and a battery separator-use resin 
film object obtained by such a method. 
Prior Art 

Conventionally, a film object made of resin (film, sheet, etc.) has been 
widely used as a battery separator-use material. An explanation will be 
briefly given of one example of manufacturing processes of this resin-made 
film object- the processes include a kneading process, a rolling process, a 
first slitting process, a drawing process and a second slitting process, and 
these processes are successively carried out in this order. In the kneading 
process, pellets of a resin composition are manufactured, and rolled into a 
predetermined film object through the rolling process. This film object is 
once slit into two parts in the width direction, and rolled and extended in 
the width direction. This rolling and extending process allows fine pores in 
the order of sub-micron to be formed therein so that a porous film object is 
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obtained. Then, this porous film object is slit so as to have a desired width 
dimension in the second slitting process. 

SUMMARY OF THE INVENTION 
However, since such a battery separator-use resin film object is a 
porous material, it is highly susceptible to defects such as holes and tearing 
during a slitting process. 

The present invention has been devised to solve the above-mentioned 
problems, and its objective is to provide a slitting method of battery 
separator-use resin film object that is less susceptible to defects such as 
holes and tearing during a slitting process. 

In order to solve the above-mentioned problem, the slitting method for 
manufacturing a battery separator-use resin film object of the present 
invention is provided with the steps of providing a slitting device 
comprising a feeding roll for feeding a film object from a roll-shaped film 
object with its rotational velocity being controlled; a slitting blade for 
slitting the film object so as to have a predetermined width; a sensor for 
detecting a tension of the film object and a wind-up roll for winding up the 
film object while controlling the tension of the film object, and slitting the 
film object by using the slitting device in a manner so as to satisfy the 
following conditions 1 and 2: 

(Condition l) 5X9.8 X 10 4 ^T/L^ 5X9.8 X 10 5 
(Condition 2) l^R/T^ 5 

where L is a thickness (m) of the film object, R is a rotational velocity 
(m/min) of the feeding roll and T is a tension (N/m) of the film object after 
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having been subjected to the slitting operation. 

The slitting device for carrying out a slitting operation is provided with 
the above-mentioned construction. The film object is wound around a 
feeding roll in a roll shape so that the film object is successively fed by 
rotating the feeding roll. The film object thus fed is slit by the slitting 
blade to a predetermined width. The film object thus slit is successively 
wound around a winding roll, and in this case, a sensor for detecting a 
tension of the film object after having been slit is placed so that the winding 
process is carried out while the tension is being controlled so as to satisfy 
the conditional expression. In order to control the tension, the 
above-mentioned slitting device is arranged so as to control the rotational 
velocity of the feeding roll. The rotational velocity is controlled by using, 
for example, a motor or a brake mechanism. 

Tremendous research efforts have been directed by the inventors, etc. 
of the present invention toward the development of a method of slitting a 
battery separator-use resin film object, which is less susceptible to 
occurrences of holes and tearing when the film object is slit, and as a result, 
they have found that when the slitting operation is carried out on the film 
object under the above-mentioned conditional expression, it becomes 
possible to make the film object less susceptible to occurrences of holes and 
tearing. 

In the present invention, the film object conceptually includes not only 
those that are originally referred to as films, but also a sheet with a 
thickness thicker than a film, and is generally referred to as a material the 
thickness of which is thinner in comparison with its width and length. 
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Moreover, with respect to a resin forming the film object, examples 
thereof include a polyolefin resin containing not less than 10 weight % of 
polyolefin having a molecular chain length of not less than 2850 nm. The 
resin having such a composition is particularly susceptible to tearing, and 
with respect to film objects made of a resin having such a composition, the 
slitting method of the present invention is preferably applied. 

In a preferred embodiment of the present invention, a slitting process 
is carried out so as to satisfy the following condition 3. 

(Condition 3) IX 10 8 ^E/T^4X 10 7 

where E is a modulus of elasticity (N/m 2 ) of the film object and T is a 
tension (N/m) of the film object after having been subjected to the slitting 
operation. 

It has been found that by carrying out the slitting operation under the 
above-mentioned condition, the film object becomes less susceptible to 
occurrences of holes and tearing. 

In a preferable embodiment of the present invention, the 
above-mentioned slitting blade is a razor blade, an angle D (° ) made by the 
razor blade and the film object and a thickness L (m) of the film object has a 
relationship that satisfies the following condition 4- 

(Condition 4) 5 X 10 5 ^L/D^1 X 10 6 

The angle made by the slitting blade and the film object also forms a 
factor that relates to the susceptibility to occurrences of holes and tearing; 
and it has been found that by setting the angle of the razor blade so as to 
satisfy the above-mentioned condition, the film object becomes less 
susceptible to occurrences of holes and tearing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic drawing that shows a manufacturing process of a 
porous film; and 

Fig. 2 is a schematic drawing that shows a construction of a slitting 
device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Construction of manufacturing line> 

Fig. 1 is a schematic drawing that shows a manufacturing line for 
manufacturing a porous film (battery separator-use resin film). This 
manufacturing line includes a kneading process 1, a rolling process 2, a first 
slitting process 3, a drawing process 4 and a second slitting process 5 in the 
order of processes. 

A screw kneading device 10 is used in the kneading process 1, and this 
kneading device includes a first hopper 11 for supplying a mixed resin and a 
second hopper 12 for supplying an inorganic filler. The screw kneading 
device 10 is equipped with twin screws 13, and the mixed resin and the 
inorganic filler supplied from the respective hoppers 11 and 12 are strongly 
kneaded, and extruded forward. The resin composition obtained from the 
kneading process is formed into pellets. 

A screw extruder 20 is used in the rolling process 2. This extruder 20 
is equipped with a hopper 21 to which the pellets of resin composition 
ob tained in the kneading process 1 is loaded and a screw 22. This extruder 
20 extrudes the resin composition so that molten resin in the form of a rod 
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or a sheet is discharged through a die 23; thus, a film rolled by a rolling 
mechanism 24 is obtained. 

In the first slitting process 3, the film, obtained from the rolling 
process 2, is slit (cut) into two parts in the width direction so that, for 
example, two films having a width of 300 mm are obtained from a film of 
GiOO-mm width. 

In the drawing process 4, a film having a width of, for example, 300 
mm is drawn 4 to 5 times in the width direction under a predetermined 
temperature condition. Thus, pores in the order of sub-micron are formed 
therein so that a porous film is obtained. 

A slitting device is used in the second slitting process 5, and the 
resulting porous film is slit to a desired width dimension. 
Construction of the slitting device> 

Fig. 2 is a schematic drawing that shows the construction of a slitting 
device. This slitting device is provided with a feeding roll 51 around which 
the film drawn in the drawing process 4 has been wound so as to form a roll, 
a razor blade (corresponding to a slitting blade) 52 for slitting the film fed 
from the feeding roll 51 into a predetermined width, a first winding roll 53 
for winding the slit film up, and a second winding roll 54. 

With respect to the slitting blade, besides the razor blade, a round 
tooth may be used. With respect to the slitting system, any of a razor 
cutting system, a shear cutting system and a score cutting system may be 
used; however, the razor cutting system is most preferably used because of 
its cheapness and easiness in handling. 

The feeding process of the film from the feeding roll 51 to the winding 
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rolls 53 and 54 is carried out by small-diameter rolls. In Fig. 2, those 
indicated by O are groove rolls, and are provided with grooves through 
which the film width is guided. Those indicated by • are nip rolls which 
transport the film in its sandwiched state in cooperation with dovetail 
groove rolls. A cylinder 55 is used for driving nip rolls 56, and allows them 
to contact and separate from a transporting roll 57 having a large diameter. 

The feeding roll 51 is driven to rotate by a driving motor 60, and the 
driving motor 60 is controlled by a control device 6 1. Sensors for detecting 
a tension of a film that has been slit are attached to the axes of guide rolls 
58 and 59 so that outputs of the sensors are inputted to the control device 61. 
The control device 61 controls the driving motor 60 so as to set the tension 
to an appropriate value, thereby controlling the rotational velocity of the 
feeding roll 5 1. The control of the rotational velocity of the roll 5 1 can be 
carried out by controlling the rotational velocity of the driving motor 60, and 
a braking mechanism may be operated; however, this arrangement is not 
intended to be limited by a specific method. 

The film to be slit by this slitting device is a porous film, and easily 
susceptible to occurrences of holes and tearing during the slitting process. 
Therefore, in order to make the film less susceptible to occurrences of holes 
and tearing, the slitting process is carried out in a manner so as to allow the 
relationship among the rotational velocity of the feeding roll 51, the tension 
of the film and the film thickness to satisfy the following conditions. 

(Condition l) 5 X 9.8 X 10 4 ^T/L^5 X9.8 X 10 5 

(Condition 2) l^R/T^ 5 

where L is a thickness (m) of the film object, R is a rotational velocity 
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(m/min) of the feeding roll and T is a tension (N/m) of the film object after 
having been subjected to the slitting operation. 

By satisfying these conditions, the film object becomes less susceptible 
to occurrences of holes and tearing. 

Moreover, with respect to another condition, the slitting process is 
preferably carried out so as to satisfy the following condition 3. 

(Condition 3) 1 X 10 8 ^E/T^4X 10 7 

where E is a modulus of elasticity (N/m 2 ) of the film object and T is a 
tension (N/m) of the film object after having been subjected to the slitting 
operation. 

Moreover, the angle D(° )(see Fig. 2) made by the razor blade 52 and 
the film, and the film thickness L (m) are preferably set to have a 
relationship that satisfies the following condition 4. 

(Condition 4) 5 X 10 5 ^L/D ^ 1 X 10 6 

By satisfying these conditions, the film object becomes further less 
susceptible to occurrences of holes and tearing. 
<Concerning battery separator-use resin> 

An explanation will be given of a battery separator-use resin that is 
dealt in the slitting device in the present invention. 

This resin is kneaded by using a screw kneading device 10, and is 
obtained by kneading a mixed resin of 100 parts by weight and an inorganic 
filler of 10 to 300 parts by weight. 

With respect to the mixed resin, a mixture, which is made by blending 
ultrahigh molecular polyolefin [A] having a weight- average molecular chain 
length of not less than 2850 nm and polyolefin wax [B] having a 
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weight-average molecular weight of 700 to 6000 at a ratio of [A]/[B] = 50/50 
to 90/10 weight %, is used. 

Examples of the olefin constituting the polyolefin resin include^ 
ethylene, propylene, butene and hexene. Specific examples of polyolefin 
include: polyethylene-based resins such as low-density polyethylene, linear 
polyethylene (ethylene- a -olefin co-polymer) and high-density polyethylene, 
polypropylene-based resins such as polypropylene and ethylene-propylene 
copolymers, poly(4-methylpentene-l), poly(butene- 1) and 
ethylene-vinylacetate copolymer, etc. 

In accordance with the slitting method of the present invention, it is 
possible to slit a film object made of a resin composition containing a 
polyolefin component having a molecular chain length of not less than 2850 
nm at not less than 10 weight % with respect to the entire composition, 
without causing defects such as holes and tearing at the time of a slitting 
process. 

Polyolefin having a molecular chain length of not less than 2850 nm 
(referred to as long-molecular-chain polyolefin in the present invention) is 
particularly superior in strength, and when a film contains such 
long-molecular-chain polyolefin at not less than 10 weight % with respect to 
the entire resin composition, the strength of the film is greatly improved; 
therefore, the film is utilized in various applications, and when it is 
contained at not less than 20 weight %, and in particular, not less than 30 
weight %, a film having higher strength can be obtained. The molecular 
chain length, the weight-average molecular chain length, the molecular 
weight and the weight-average molecular weight of polyolefin are measured 
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by GPC (gel permeation chromatography), and the content (weight %) of 
polyolefin within the specific molecular-chain length range or the specific 
molecular-weight range can be obtained by the process of integration of the 
molecular weight distribution curve obtained by the GPC measurements. 

In the conventional processing method in which an inorganic filler of 
10 to 300 parts by weight is added to the mixed resin of 100 parts by weight, 
problems are raised in which melt fractures or lateral screen-shaped holes 
aLppear in film forming process, resulting in a failure to obtain a film having 
a good film-thickness precision; however, in accordance with the method of 
the present invention, it is possible to obtain a film having a superior 
film -thickness precision, and also to improve the rigidity of the resulting 
film. The amount of addition of an inorganic filler of less than 10 parts by 
weight fails to sufficiently improve the rigidity of the resulting film, while 
the amount of addition exceeding 300 parts by weight only provides a low 
improving effect on the rigidity in comparison with the amount of addition. 

With respect to the inorganic filler, examples thereof include- calcium 
carbonate, talc, clay, kaolin, silica, hydrotalcite, diatomaceous earth, 
magnesium carbonate, barium carbonate, calcium sulfate, magnesium 
sulfate, barium sulfate, aluminum hydroxide, magnesium hydroxide, 
calcium oxide, magnesium oxide, titanium oxide, alumina, mica, zeolite, 
glass powder and zinc oxide. 
<Another Embodiment 

With respect to a specific construction of the slitting device, it is not 
intended to be limited by the one shown in Fig. 2, various modifications may 
be made within the scope of the present invention. For example, in the 
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present invention, the film is slit by a razor blade into two parts; however, 
this may be slit into three or more parts. 
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